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General experimental conditions
The 1,8-dibenzylcyclam (trans-Bn 2 cyclam) hydrochloride was prepared by published method. 1 Paraformaldehyde was filtered from aged aqueous solutions of formaldehyde (Lachema) and was dried in a desiccator over conc. H 2 SO 4 . Cyclam (CheMatech) and other chemicals from commercial sources were used as received. NMR spectra were recorded on the VNMRS300, Varian UNITY INOVA 400 or Bruker Avance III 600 spectrometers using 5-mm sample tubes. NMR chemical shifts are given in ppm and coupling constants are reported in Hz. Unless stated otherwise, all NMR spectra were collected at 25 °C. 
Ligands syntheses
The syntheses of ligands it overviewed in Scheme S1. Trans-Bn 2 cyclam hydrochloride (2·4HCl·4H 2 O, 1.00 g, 1.7 mmol) was suspended in 5 % aq. NaOH (75 ml) and extracted three times with CHCl 3 (75 ml). The organic phases were unified and dried using anhydrous Na 2 SO 4 and the solvent was removed in vacuo. Amine free base was dissolved in anhydrous CHCl 3 (50 ml) and trifluoroacetic anhydride (930 µl, 6.4 mmol, 4 eq.) and dry triethylamine (1.1 ml, 8.0 mmol, 5 eq.) were added. The mixture was stirred at room temperature for 3 h. Volatiles were evaporated in vacuo and product was purified by crystallization from hot EtOH yielding compound 3 as white solid (750 mg, 78 %).
NMR spectra of compound 3 at 25 °C are complicated by a relative rigidity of amide groups which results in three possible conformers. In one of them, the atom with and without apostrophe (below) are not chemically equivalent. Therefore, for each carbon atom, four signals are expected. Some of them are overlaid by random coalescence. However, measurement at elevated temperature up to 80 °C did not lead to better resolution; at this temperature, signals are very broad due to their coalescence. For VT-NMR spectra, see Figure S1 . In three-necked flask, NaBH 4 (4.6 g, 122 mmol, 10 eq.) and 3 (7.0 g, 12.2 mmol) were suspended in anhydrous diglyme (100 ml) under Ar-atmosphere. Then, BF 3 ·Et 2 O (14 ml, 122 mmol, 10 eq.) diluted by anhydrous diglyme (100 ml) was added dropwise under gentle stream of argon. B 2 H 6 in escaping gas was removed by bubbling through 5 % NaOH in 10 % aq. H 2 O 2 . The reaction mixture was stirred at 120 °C overnight. After cooling, 12 % aq. HCl (10 ml) was added dropwise. The volatiles were evaporated in vacuo. Crude product was dissolved in 5 % aq. NaOH (100 ml) and extracted into CHCl 3 (3×100 ml).
Combined organic layers were dried using anhydrous Na 2 SO 4 and evaporated and product 4 was crystallized as a white solid from hot CHCl 3 (5.1 g, 76 %).
TLC: R f = 0.8 (MeOH). Single crystals of 1·2HCl·2H 2 O suitable for X-ray diffraction analysis were prepared by slow evaporation of diluted aqueous solution of 1·4HCl.
NMR
1,8-bis(diethoxyphosphorylmethyl)-4,11-bis(trifluoroethyl)-1,4,8,11-tetraazacyclotetradecane, 5
Compound 1·4HCl (1.00 g, 2.1 mmol) was extracted from 5 % aq. NaOH (50 ml) by CHCl 3 (3×50 ml).
Organic phases were unified, dried by anhydrous Na 2 SO 4 and the solvent was evaporated. Triethyl phosphite (20 ml) and paraformaldehyde (254 mg, 13 mmol, 4 eq.) were added and the mixture in a flask closed by stopper was stirred at 70 °C for 12 h. Unreacted (CH 2 O) n was filtered off and P(OEt) 3 was evaporated on rotary evaporator. Crude product was isolated after chromatography on strong cation exchanger (100 ml, H + -form); impurities were washed off by EtOH (500 ml) and the product was eluted by EtOH/conc. aq. NH 3 = 5/1 mixture (v/v, 250 ml). The crude product was further purified by chromatography (SiO 2 , MeOH) affording 5 as a colourless oil. was isolated in the zwitterionic form after purification on strong cation exchanger (100 ml, H + -form).
Impurities were removed by water (500 ml) and the product was eluted off by 10 % aq. pyridine. 
Complex syntheses cis-[Ni(1)(Cl) 2 ]
Ligand hydrochloride (1·4HCl, 50 mg, 0.1 mmol) was mixed with Ni(ClO 4 ) 2 (42 mg, 0.11 mmol, 1.1 eq) in 3 ml of water (pH adjusted to 6.9 by diluted aq. NaOH). After ca 1 d at 60 °C, a violet precipitate appeared. The mixture was heated for 6 d at the same temperature to complete the reaction. Ni(ClO 4 ) 2 (50 µl, 10 µmol, 0.9 equiv.) was quickly added and the reaction was followed by 19 F-NMR over 2 h. The spectra were phase-corrected, and 50 Hz exponential apodization and baseline correction were applied. In the NMR experiment, aq. DMSO was chosen as the solvent keeps reaction mixture fully homogeneous even at the starting point.
19
F NMR spectral changes during course of the reaction are shown in Figure S2 . Figure S4 . 
A B trans-[Ni(te2p-tfe
X-ray diffraction
The selected crystals were mounted on a glass fibre in random orientation and the diffraction data were acquired at 150(1) K (Cryostream Cooler Oxford Cryosystem) using Mo-K α radiation (λ = 0.71073 Å).
The diffraction data were collected employing ApexII CCD diffractometer and analysed using the SAINT V8.27B (Bruker AXS Inc., 2012) program package. The structure was solved by direct methods (SHELXS97) 4 and refined by full-matrix least-squares techniques (SHELXL97) 5 . Absorption correction using Gaussian integration was applied. 6 All non-hydrogen atoms were refined anisotropically. Although hydrogen atoms were found in the electron difference map, they were fixed in original (those bound to nitrogen and oxygen atoms) or theoretical (those belonging to carbon atoms) positions using riding model with U eq (H) = 1.2 U eq (X) to keep a number of refined parameters low.
For compound 4·2HCl·2H 2 O, the ligand molecule lies on centre of symmetry, i.e. the independent unit consists from one half of formula unit. In the case of H 4 te2p-tfe 2 ·4HBr·0.5H 2 O, the independent unit consists from two halves of ligand molecules laying on symmetry centres and four bromide anions. In addition, a number of several low-intensity maxima in electron difference map points to a disordered solvate. It was attributed to 0.5 water molecule and squeezed off using PLATON. 7 The independent unit Table S1 , and selected geometric parameters are listed in Table S2 and Table S3 .
Relevant data for the structures have been deposited at the Cambridge Crystallographic Data Centre. Figure S5 . The structure confirms higher basicity of secondary amino groups comparing to tertiary ones. The measurements were taken with HCl excess added to the initial mixture, and the mixtures were titrated with stock NMe 4 OH solution. In a study of protonation equilibrium of the free ligand, the systems were studied by conventional titrations in the pH range 1.8-12.0 (~40 data points per titration). The initial volume was ~5 cm 3 and four parallel titrations were carried out. The equilibrium in Ni(II)-H 4 te2p-tfe 2 system was established slowly and, therefore, out-of-cell technique was used. Each solution as titration data point (~1 cm 3 ) was prepared separately in an ampoule which was flame-sealed. Two parallel sets of ampoules were equilibrated at 50 °C for 2 weeks. The ampoules were cooled down and left at room temperature for 24 h. The electrode potential at each titration point (ampoule) was determined for each titration set with freshly calibrated electrode. Titrations were done in pH range 2.4-7.0 with ~20 points per each titration set. Calculated overall protonation and stability constants are compiled in Table S4 and their comparison with published data is given in Table S5 . [15] 21.99 [16] 21 Table S6 . 
Selected geometric parameters of Ni(II) coordination spheres found in the solid-state structures
β h = [H h L]/{[H] h ·[L]}. K(H h L) = [H h L]/{[H]·[H h-1 L]}. β hlm = [H h L l M m ]/{[H] h ·[L] l ·[M] m }. K(H h LM) = [H h LM]/{[H]·[H h-1 LM]}.K(H h L) = [H h L] / {[H]·[H h-1 L]} K NiL = [NiL] / {[Ni]·[L]} K(NiH h L) = [NiH h L] / {[H]·[NiH h-1 L]}.
Dissociation kinetics studies
